Background: Human factors play an important role in health-care outcomes of heart failure (HF) patients. A systematic review and meta-analysis of clinical trial studies on HF hospitalization may yield positive proofs of the beneficial effect of specific care management strategies.
Introduction
Heart failure (HF) is a chronic and progressive condition in which the heart muscle is unable to pump enough blood to meet the body's need for blood and oxygen. 1 Placement into class I, II, III, or IV of the New York Heart Association functional classification depends on the severity of patient symptoms and physical activity limitations. 1 Heart failure is a leading cause of hospitalization and health-care costs in the United States. Nearly 5.1 million Americans have been diagnosed with HF, and approximately half die within 5 years of diagnosis. 2, 3 The total costs of HF to the nation, in terms of direct medical costs and lost productivity, are estimated to be US$32 billion annually. 2, 3 Congestive HF is the most common reason for readmission among Medicare fee-for-service
Research Questions
In a search for the causal mechanisms for enhancing patient care outcomes, this investigation explored how scientific literature has documented the moderating influence of varying care management principles involving human factors on hospital outcomes of HF patients. A systematic review of intervention strategies was conducted, and a broad range of intervention types aimed at reducing HF readmissions was included. The selected intervention components include education and assessment, rest and relaxation, exercise, interpersonal relationships, outlook, and dietary recommendations. The systematic review and meta-analysis aimed to answer the following research questions:
1. Is there evidence that particular intervention components may modify the care management effects on HF readmission? 2. Does a single intervention component work more effectively than a combination of intervention components in care management for HF patients? 3. How can the knowledge gained from the systematic review and meta-analysis be applied in population health management for HF?
Material and Methods

Data Sources and Searches
Appropriate keywords were identified related to (1) the independent variable of hospitalization and treatment, (2) the moderating variable of intervention components, (3) the dependent variable of readmission, and (4) HF. Combinations with 1 keyword from each of the 4 categories (see Table 1 ) were used to conduct searches in 9 databases: CINAHL, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, ERIC, MEDLINE, PubMed, PsycInfo, ScienceDirect, and Web of Science. Although systematic reviews were not included in the meta-analysis, the Cochrane Database of Systematic Reviews was searched in case any similar studies existed.
Study Selection, Data Extraction, and Quality Assessment Table 2 shows the inclusion and exclusion criteria in regard to population, interventions, outcomes, timing of outcomes, time period, settings, publication language, design, and publication format. Only studies associated with HF hospitalization and readmissions, published in English, Chinese, French, German, Italian, Portuguese, and Spanish between January 1, 1990, and August 31, 2015, were compiled. Retrospective studies were excluded. Studies that evaluated interventions focused on only pharmaceuticals, surgical procedures, technology, or other therapeutic strategies and that did not incorporate any of the selected human factors were excluded. Each selected study was reviewed by a team of 5 graduate students with training in rating the quality. The detailed characteristics of cited studies are listed in Appendix A.
Data Synthesis and Analysis
Studies that focused on HF and other chronic illnesses and reported the number of readmissions for only HF patients were included if they met the inclusion criteria. All studies that reported the number of persons readmitted in each group were included in the meta-analysis. Although a study that only reported the total number of readmissions per group was included in the systematic review, it was not included in the meta-analysis. Additionally, studies in the systematic review could not be included in the meta-analysis if they evaluated multiple intervention groups and a control group rather than only 1 intervention group and 1 control group, or if the study reported numbers for only composite outcomes, such as readmission and death.
In the Comprehensive Meta-Analysis (Version 2) software, 7 a mixed-effects model was used to synthesize effect sizes from independent studies, which were also categorized into subgroups based on the moderator variable of intervention components. A random-effects model was used to combine studies within each subgroup, and a fixed-effect model was used to combine subgroups and yield the overall effect. The study-to-study variance was not assumed to be the same for all subgroups. This is the method used by Review Manager (RevMan). 7 The odds ratio represented the odds of successfully avoiding HF readmissions, given exposure to an intervention involving 1 or more intervention components. A funnel plot of log odds ratio was created to test for publication bias.
Results of Systematic Review
A flow diagram of the systematic review of literature is shown in Figure 1 . The characteristics of the 113 included studies are shown in Appendix A. The interventions were grouped by components. Limited biases were introduced since only studies with proven quality were included. The empirical evidence provided by the systematic review is summarized in this section.
Education and Assessment
Eleven studies incorporated education and assessment. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In 9 of these studies, readmissions were significantly lowered. These interventions included:
Patient education during hospitalization and postdischarge telemonitoring for reinforcement of education and assessment of patients 13 or postdischarge home visits and monthly calls for reinforcement, assessment, and medication compliance 8 Phone calls after discharge for patient education, assessment of symptoms and compliance, and review of medication adherence 14 Postdischarge patient education at outpatient clinics and assessment of symptoms and compliance during clinic visits 12 or during follow-up calls every 2 to 4 weeks 16 Postdischarge assessments of medication adherence, symptoms/health, and compliance through a single home visit 1 week after discharge, 18 through daily telemonitoring and outpatient clinic visits every 1 to 2 weeks, 11 and through a daily telemonitoring system. 9 
Exercise
Four studies incorporated exercise. [19] [20] [21] [22] In all 4 studies, readmissions were significantly lowered. These interventions included:
Home-based program of light aerobic exercise and resistance training with home visits by a nurse to assess adherence for 12 months 20, 21 Aerobic exercise training for 36 supervised sessions followed by home-based training 22 Exercise using a cycle ergometer 2 to 3 times per week for 1 year.
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Interpersonal Relationships
Two studies incorporated interpersonal relationships. 23, 24 In these studies, readmissions were not significantly lowered.
Outlook
Two studies incorporated outlook. 25, 26 In these studies, readmissions were not significantly lowered. Peer-reviewed articles in an academic journal Books, book reviews, continuing education units (CEUs), conference abstracts, dissertations, nonsystematic reviews, systematic reviews, editorials, letters to the editor
Dietary Recommendations
Three studies incorporated dietary recommendations. 27-29 In 2 of these studies, readmissions were significantly lowered. These interventions included:
A comparison of 2 groups, one with a low-sodium diet and the other with a medium-sodium diet. Both groups had 1000 mL/d fluid restriction and a high diuretic dose. The group with the medium-sodium diet showed a significant reduction in readmissions 28 Eight different combinations of levels of fluid intake restriction, sodium intake, and diuretic dosages. A normal sodium diet with high diuretic doses and fluid intake restriction was most effective in reducing readmissions.
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Education and Assessment Combined With Exercise
Two studies incorporated these 2 components.
30, 31 In 1 of these studies, readmissions were significantly lowered. This intervention included:
Patient education during hospitalization and postdischarge assessment of symptoms and compliance with emphasis on activity and treatment through Internetbased monitoring 3 times per week.
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Education and Assessment Combined With Interpersonal Relationships
Four studies incorporated these 2 components. [32] [33] [34] [35] In 2 of these studies, readmissions were significantly lowered. These interventions included:
Postdischarge education and counseling for patients and families to influence medication adherence through clinic visits and phone calls focused on incorporating significant others and building positive medicationtaking behaviors. 35 
Education and Assessment Combined With Outlook
One study incorporated these 2 components. 36 In this study, readmissions were not significantly lowered.
Education and Assessment Combined With Dietary Recommendations
Thirty studies incorporated these 2 components. In 16 of these studies, readmissions were significantly lowered. These interventions included:
Patient education during hospitalization and weekly or biweekly phone calls postdischarge to reinforce education and assess symptoms, compliance, 62, 63 and medication adherence 45, 58 Diet and self-care education during hospitalization and reinforcement of education and assessment of symptoms and compliance after discharge through weekly calls for 2 weeks, 42 weekly calls for 12 weeks and 2 clinic visits, 53 or calls and clinic visits tailored to individual patient needs 55 Diet, disease, and drug therapy education at discharge and after discharge on monthly phone calls, clinic assessments, and using a pill counter 43 Postdischarge phone calls weekly or biweekly for patient education 39, 40 Telemonitoring to assess diet, weight, symptoms, 57 and medication adherence, along with home visits 38 Patient education about symptoms and diet at discharge and after discharge over the phone, monthly home visits, and a daily diary for assessment of symptoms and compliance 52 Postdischarge patient education on HF and diet at outpatient clinics, assessment of symptoms and compliance during clinic visits, and monitoring diet and/or medication adherence on calls 47, 64 or through the use of a diary and printed guide. 50 
Rest and Relaxation Combined With Outlook
One study incorporated these 2 components. 66 In this study, readmissions were significantly lowered. This intervention included:
Relaxation therapy consisting of relaxation training and music therapy for 1 hour daily and basic psychological care lasting 4 weeks. 66 
Exercise Combined With Outlook
One study incorporated these 2 components. 67 In this study, readmissions were not significantly lowered.
Education and Assessment Combined With Exercise and Interpersonal Relationships
One study incorporated these 3 components. 68 In this study, readmissions were significantly lowered. This intervention included:
A cardiac rehabilitation program for 12 weeks with individualized exercise plans and group-based educational session for patients and families. 68 
Education and Assessment Combined With Exercise and Dietary Recommendations
Twenty-two studies incorporated these 3 components. In 12 of these studies, readmissions were significantly lowered. These interventions included:
Comprehensive patient education during hospitalization and a follow-up call 1 to 2 weeks after discharge 76 and at 90 days for high-risk patients 72 Patient education during hospitalization and postdischarge assessment of symptoms and compliance with emphasis on diet, activity, and treatment through biweekly phone calls 74 Comprehensive patient education during hospitalization and postdischarge reinforcement and assessment of symptoms and compliance emphasizing diet, activity, and treatment through home visits at least once weekly for 6 weeks 70 Postdischarge clinic visits and phone calls at 6-month intervals to provide patient education and assess symptoms and compliance 86 Patient education postdischarge during 2 to 5 clinic visits and assessment of symptoms, compliance, and medication use through follow-up phone calls 77 or through the use of a diary and/or pill counter, 73 as well as motivational interviewing, 81 or during monthly home visits with follow-up phone calls every 10 to 15 days 89 One home visit during the first 2 weeks after discharge to provide patient education on self-management, diet, and physical activity and assess medication adherence and/or symptoms 69 and follow-up phone calls at 3 and 6 months for assessment 85 Education on self-care management, diet, and exercise delivered by a multidisciplinary team weekly for 6 weeks with a 1-hour exercise component. 78 
Education and Assessment Combined With Interpersonal Relationships and Dietary Recommendations
Six studies incorporated these 3 components. [91] [92] [93] [94] [95] [96] In 4 of these studies, readmissions were significantly lowered. These interventions included:
Postdischarge education on diet and sodium restriction for patients and caregivers through weekly outpatient clinic visits 92 or coaching phone calls 96 Education on HF, diet, and drug therapy for patients and caregivers at discharge and postdischarge on monthly phone calls, clinic assessments, and medication checklist 94 Development of care plan and patient and caregiver education by a multidisciplinary team during hospitalization and weekly home visits to reinforce education and assess symptoms and compliance for 9 weeks postdischarge. 95 
Education and Assessment Combined With Outlook and Dietary Recommendations
Two studies incorporated these 3 components. 97, 98 In these studies, readmissions were not significantly lowered.
Education and Assessment Combined With Rest and Relaxation, Exercise, and Dietary Recommendations
One study incorporated the 4 components. 99 In this study, readmissions were significantly lowered. This intervention included: Pharmaceutical care, education about self-care, drugs, and medication, and 1 month of self-monitoring diary cards to record medication use, physical activity, diet, and symptoms. 99 
Education and Assessment Combined With Exercise, Interpersonal Relationships, and Dietary Recommendations
Eight studies incorporated these 4 components. [100] [101] [102] [103] [104] [105] [106] [107] In 6 of these studies, readmissions were significantly lowered. These interventions included: Educational programs in clinics for patients and families 102, 103 Predischarge education on self-monitoring, diet, exercise, and medication and interview of patients and caregivers by nurse and postdischarge outpatient clinic visits every 3 months to review performance and introduce strategies to improve treatment adherence and response 100 Comprehensive patient education with families/caregivers during hospitalization and postdischarge reinforcement and assessment of symptoms and compliance emphasizing diet, activity, and treatment through clinic visits every 3 months 106 or clinic visits and phone calls every 2 to 8 weeks 101 Home visit once during the first month after discharge for education on self-management, diet, physical activity, and vaccinations for the patient and caregiver, and pill organizers provided for medication adherence. 104 
Education and Assessment Combined With Exercise, Outlook, and Dietary Recommendations
Three studies incorporated these 4 components. [108] [109] [110] In 1 of these studies, readmissions were significantly lowered. This intervention included:
A multidisciplinary disease management program to provide in-person education to patients when enrolled in the intervention and through follow-up, which included outpatient clinic visits and monthly telephone calls and then visits every few months beginning at 6 months if patients had stabilized. 110 
Education and Assessment Combined With Exercise, Interpersonal Relationships, Outlook, and Dietary Recommendations
Nine studies incorporated these 5 components. [111] [112] [113] [114] [115] [116] [117] [118] [119] In 2 of these studies, readmissions were significantly lowered. These interventions included: A telehealth system that combined self-monitoring and motivational support tools in addition to a comprehensive, multidisciplinary HF care program 112 Patient education about HF, medication, diet, and activity during hospitalization, at discharge, or after discharge during home visits and phone calls, which also included assessment of diet, weight, and medication checklist 117 
Education and Assessment Combined With Rest and Relaxation, Exercise, Interpersonal Relationships, Outlook, and Dietary Recommendations
One study incorporated these 6 components. 120 In this study, readmissions were not significantly lowered.
Results of Meta-Analysis
A meta-analysis allowed for the combination of data from 67 studies to determine the impact of single or combined intervention components aiming to reduce HF readmissions. Studies included in the systematic review could not be included in the meta-analysis if only the total number of readmissions per group was reported, if multiple intervention groups were assessed, or if only composite outcomes were reported. Figure  2 shows the forest plot of the effect sizes and confidence intervals for each study in the fixed-effect and random-effects models. In the mixed-effects model, the overall odds of being readmitted were 1.79 times lower among participants of interventions that involved any of these intervention components. The funnel plot of log odds ratio was symmetrical, which indicates that publication bias was unlikely. 121 
Discussion and Conclusions
This analysis yields robust results that are based on a systematic review and meta-analysis of published studies that evaluate interventions involving particular components aimed at reducing HF readmissions. Intervention strategies incorporating certain human factors or combinations of such factors have the potential to enhance therapeutic outcomes for HF patients following hospitalization. The implications of the key findings are as follows:
1. The independent and combined effects of education and assessment are the most beneficial strategies to yield a positive benefit to avoid or reduce readmissions of HF patients. A care management or disease management team could consider a person-centered approach to enhance individual choice or self-efficacy for the patients. 2. Exercise combined with education and assessment or rest and relaxation shows greater benefits than exercise alone. A clinical team could examine how activities were prescribed, implemented, and evaluated. Lack of adherence to or uncertainty about prescribed activities for the therapeutic outcomes may have prevented activities from demonstrating their beneficial effects on readmissions. 3. Nutrition combined with other intervention components reveals a clear positive effect. Dietary interventions should be combined with other strategies in order to maximize their benefit in the reduction of risk for HF readmissions. 4. Interventions with the aforementioned components increase the likelihood of not being readmitted to the hospital for HF. The meta-analysis results indicate that an intervention involving 1 or more of these components doubles an individual's probability of not being readmitted.
This study is not without limitations. Potential limitations include the risk of bias at the study level and the possibility of incomplete retrieval of studies that meet the criteria. Furthermore, consideration should be given to other human factors and information technology that may facilitate patient-provider communications and coordinated care for chronic conditions as effective care modalities are developed and implemented for HF care management. This study focused on therapeutic interventions that incorporated certain human factors; therefore, comparison of these interventions to those not incorporating human factors was beyond the scope of this analysis. Overall, this research may help reconfigure the design, implementation, and evaluation of clinical practice for reducing HF readmissions in the future. 
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